The 65-kDa glutamic acid decarboxylase (GAD65) autoantibodies (GAD65Abs), commonly found in type 1 diabetes mellitus (T1DM) patients, are also found at lower frequencies in type 2 diabetes mellitus (T2DM) patients. GAD65Abs in T1DM patients are epitope specific, in contrast to those found in other GAD65Ab-positive individuals, including T2DM patients. Our aim was to assess whether epitope-specific GAD65Abs, or the additional presence of islet antigen 2 (IA-2) autoantibodies, better define T1DM phenotypes among T2DM patients. GAD65 and IA-2 autoantibodies were analyzed in 1436 Sardinian subjects classified with T2DM and in 384 nondiabetic patient controls. Autoantibody binding specificity to the N-terminal, middle (M), and C-terminal (C) portions of the GAD65 molecule was evaluated. Among the T2DM patients, 5.1% had GAD65 (P < 0.001) and 2.4% had IA-2 autoantibodies, compared with 1.3 and 1.6%, respectively, among the controls. GAD65Ab-positive T2DM patients with M؉C (epitopespecific) reactivity were found to have the lowest body mass index (P < 0.001), followed by GAD65Ab/IA-2Ab-positive patients (P < 0.01), and non-M؉C-reactive (non-epitope-specific) patients (P < 0.02). In GAD65Ab 
T YPE 1 DIABETES MELLITUS (T1DM) is an autoimmune
disease characterized by the specific destruction of the insulin-producing pancreatic ␤-cells. Most T1DM patients have circulating autoantibodies (Abs) directed against one or more islet cell autoantigens: 65-kDa glutamic acid decarboxylase (GAD65) (1-3), insulin (4) , and islet antigen 2 (IA-2) (5), also known as islet cell Ab 512 (ICA512) (6, 7) . GAD65Ab and IA-2Ab are readily detected by standardized (8, 9) , precise, and reproducible RIAs (3, 8, 10) suitable for large-scale analysis and population screening (11, 12) .
ICA-positive type 2 diabetes mellitus (T2DM) patients were first reported in 1977 (13) , and ICA positivity in these patients was found to predict secondary failure to oral hypoglycemic agents (14) . The presence of ICA in adult type 2 patients was associated with T1DM-associated high-risk human leukocyte antigen-DR alleles (15) , appeared to identify patients with features of T1DM (16, 17) , and predicted earlier insulin dependency (18) . Similarly, GAD65Ab found in T2DM patients (19, 20) identified patients with insulin deficiency and clinical features of T1DM (21) (22) (23) (24) and predicted loss of ␤-cell function (25) (26) (27) . These GAD65Ab-positive T2DM patients are referred to as latent autoimmune diabetes in adults (LADA) (28) or type 1.5 diabetes (29) , and the interest in these patients is increasing in the wake of an ensuing worldwide epidemic of T2DM (30) . Screening patients classified with T2DM for GAD65Ab has been advocated to improve diagnostic accuracy and to treat patients based on disease etiology, rather than clinical symptoms (25) .
It is widely recognized that the ethnic diversity may influence the prevalence of GAD65Ab in different T2DM populations. GAD65Ab prevalence in T2DM patients varies from 1-21%, depending on the population studied. American native populations have a low prevalence of GAD65Ab, with rates of 1% in Alaskan native populations (31) and 2% in Pima Indians (32) . European and Asian populations have a higher prevalence, with reported rates of 2.8% in northern Italy (33) , 3 .7% in Southern Spain (34) , 3 .8% in Japan (35) , and 10% in Sweden (19, 25) and Finland (20, 22, 36) . In the United Kingdom Prospective Diabetes Study, the prevalence of GAD65Ab positivity was age dependent, with 4% of older subjects found to be GAD65Ab positive, in contrast to 21% of younger subjects (27) . It is likely that genetic factors that confer susceptibility to autoimmunity play an important role in the differences in prevalence of T1DM-associated autoantibodies in different populations.
Although approximately 1% of the general population has GAD65Ab, only a fraction of these subjects will develop T1DM, which supports the notion that GAD65Ab alone is not a good predictor for the disease. In support of this concept, population-based screening studies have indicated that not all types of GAD65Ab predict T1DM (37, 38). As we (39, 40) and others (23, 41, 42) have shown, T1DM patients recognize disease-specific GAD65Ab epitopes, and we found that GAD65Ab epitope patterns can be used to differentiate LADA from T1DM patients (39, 43). We recently reported a high frequency of GAD65Ab and IA-2Ab among type 2 diabetes siblings from Sardinian multiplex families (44). This observation prompted us in the present study to determine the prevalence and levels of GAD65Ab and IA-2Ab in consecutively diagnosed T2DM patients ascertained from all provinces of Sardinia, a country known for its high incidence of T1DM (45). In addition, within the cohort of GAD65Ab-positive T2DM patients, we tested the hypothesis that epitope-specific GAD65Ab or the additional presence of IA2Ab better define T1DM phenotypes.
Subjects and Methods
We studied all consecutive unrelated individuals, 35-75 yr of age (Table 1) , who for the first time attended a Diabetic Unit in any of the four provinces of Sardinia: Cagliari, Oristano, Nuoro, and Sassari from 1998 -1999. During this study period, 1820 subjects were enrolled in the present study. The majority of patients diagnosed with T2DM were seen in these diabetic referral centers; therefore, this cohort provides a fairly representative view of the overall population with newly diagnosed diabetes in Sardinia. All subjects had a complete health examination, which included fasting blood glucose determinations on two different occasions, and if blood glucose was in the nondiabetic (ND) range (Ͻ140 mg/dl), a standard 75-g oral glucose tolerance test (OGTT). Blood glucose was measured by standard clinical assays. A total of 1436 subjects were diagnosed with diabetes. Of these, 785 had clinical symptoms of diabetes at their first visit, and confirmation of their diagnosis was based on fasting blood glucose greater than or equal to 140 mg/dl on two separate occasions. Another 651 subjects underwent OGTT testing and were diagnosed with diabetes based on blood glucose levels greater than or equal to 200 mg/dl after 2 h. In these subjects, the OGTT was repeated for confirmation within 2 wk. Only subjects classified with T2DM according to World Health Organization (WHO) criteria or with normal glucose tolerance (ND) were enrolled in the study. Subjects with impaired glucose tolerance were excluded. Blood samples for evaluation of Abs and epitope analyses were collected during this initial period at the time of diabetes diagnosis. In addition, the T2DM patients enrolled and subsequently followed in the diabetes clinics had to fulfill these additional criteria: no insulin requirement within 6 months after diagnosis, no clinical symptoms of T1DM such as marked weight loss or acidosis, and no family history of T1DM among first-degree relatives. In the ND subjects, diabetes was excluded based on a normal OGTT, according to WHO criteria (blood glucose level at 120 min Ͻ 140 mg/dl). These ND subjects did represent a higher-risk population, based on the fact that they presented or were referred to the diabetes units to rule out a diagnosis of diabetes. According to these criteria, we enrolled 1436 T2DM patients and 384 ND subjects (Table 1 ). In patients positive for GAD65Ab, plasma fasting C-peptide was measured using a commercial kit (C-peptide-ctk; DiaScrip S.r.l., Saluggo, Italy). Informed consent was obtained from all study subjects. The investigations were approved by the institution's human research committee and carried out in accordance with the principles of the Declaration of Helsinki, as revised in 2000.
GAD65Ab and IA-2Ab assays
Serum samples obtained at the first visit were analyzed for GAD65Ab (3, 46) and IA-2Ab (7) in radioligand binding assays. [ 35 S]Methioninelabeled GAD65, IA-2, GAD67 (47), and GAD65/67 fusion proteins (46) were produced by in vitro coupled transcription/translation with SP6 RNA polymerase and nuclease-treated rabbit reticulocyte lysate (Promega, Madison, WI) as previously described (3) . The in vitro translated proteins were kept at -80 C and used within 2 wk of preparation. The upper level of normal was established by analyzing sera obtained from ND Sardinian subjects (n ϭ 1184) used as controls for both GAD65Ab and IA-2Ab (44). The subjects represent 493 schoolchildren from Nuoro, 204 individuals without a family history of diabetes but older than 50 yr of age (blood glucose Ͻ 140 mg/dl at 120 min during OGTT), and 487 nondiabetic individuals, 12-80 yr of age who also were found to have a normal OGTT (44).
The interassay coefficient of variation for the positive control sample (WHO standard 97/550) (8) was 15% for GAD65Ab and 9% for IA-2Ab. The intraassay coefficient of variation for triplicate determinations was 10% for GAD65Ab, 8% for IA-2Ab, 10% for GAD67Ab, and 12% for the different GAD65/67 fusion proteins. In the third International Combined Autoantibody Workshop (10), our assay showed 70% sensitivity and 98% specificity for GAD65Ab as well as 47% sensitivity and 98% specificity for IA-2Ab.
Ab levels
The Ab levels are expressed as a relative index, as described in detail elsewhere (3) using the WHO standard 97/550 (8) as the positive control. Briefly, the relative index of each sample was calculated using the mean of two negative controls and the WHO 97/550 standard (8) . The 99th percentile of the control group (n ϭ 1184), previously shown not to be normally distributed for GAD65Ab and IA-2Ab levels, determined the cutoff for positivity (44). These indices were 0.1 and 0.034 for GAD65Ab and IA-2Ab, respectively. Samples identified as GAD65Ab positive were further analyzed with GAD67 and GAD65/67 fusion molecules to determine Ab binding characteristics to different epitopes.
Construction of fusion molecules
The GAD65, GAD67, and GAD65/67 cDNA fusion molecules used in the present study are summarized in Table 2 . Full-length GAD65 (2, 3) and GAD67 (47) cDNA clones were used to prepare fusion proteins by substituting GAD65 sequences with corresponding regions of GAD67 (39, 46). Type 2 diabetes patients with a GAD65Ab index of greater than 0.1 were analyzed for Abs against GAD67 and three GAD65 variants (N, M, and C) ( Table 2 ). It should be noted that the designation N, M, and C are particular to the present fusion proteins, which differ in design from constructs used in previous studies performed by our group (40, 48) and others (23, 49, 50) .
Statistical evaluation
Differences in age-specific prevalence between T2DM patients and ND subjects were tested using 2 statistics with Yates correction. To increase power in detecting higher antibody prevalence among T2DM patients, antibody frequencies among ND subjects were assumed constant across age. This assumption was verified using exploratory tables and 2 tests. Confidence intervals were calculated using large-sample normal approximation.
The goal of the epitope analysis was to divide GAD65Ab-positive T2DM patients into different epitope pattern groups. Patients who showed significant binding to GAD65 and each fusion protein were Continuous variables are median (range).
classified together as one group. Separation of fusion protein binding into discrete positive or negative samples was avoided as it reduced the power and resolution to detect differences in epitope pattern. Instead, binding index distributions were normalized by shifting distributions to ensure index values were above zero and by taking the natural logarithm transformation. The relationship between Ab binding to GAD65 and each fusion protein, after adjustment for GAD67, was examined using partial correlation coefficients (51) . Scatterplots were used to check that all significant associations were not influenced by outliers. When epitope pattern groups were identified, distribution plots were used to examine the body mass index (BMI) and log C-peptide within each group. Wilcoxon two-sample test was used to test for differences in BMI or log C-peptide between groups. Multiple regression models were used to estimate age-adjusted changes in average BMI in Ab-positive type 2 diabetic subgroups. Statistical analysis was performed using Sigma STAT and S-PLUS 6.1.
Results

Prevalence of Abs
The prevalence of GAD65Ab and IA-2Ab was determined in 1436 T2DM patients and 384 ND subjects, and these values were evaluated in different age groups in the diabetic subjects (Table 3) . Cutoffs for GAD65 and IA-2 positivity were based on the 99th percentile of the 1184 Sardinian control subjects. The overall prevalence of GAD65Ab in T2DM subjects was 5.1% [95% confidence interval (CI), 3.9 -6.2%] and did not vary significantly between age groups. The prevalence of GAD65Ab in T2DM subjects (5.1%) was significantly higher than that found in ND subjects (1.3%). Index level distribution revealed a wide spectrum of GAD65Ab levels in the patients classified with T2DM (Fig. 1A) .
Of the 1436 T2DM patients, 34 (2.4%) were IA-2Ab positive. The IA-2Ab frequencies in ND (1.6%) and T2DM subjects (2.4%) were not significantly different, and the IA-2Ab prevalence was not affected by age at diagnosis of the T2DM patients (Table 3 ). Similar to that seen with GAD65Ab, the distribution of IA-2Ab indices was variable in these subjects (Fig. 1B) .
None of the ND subjects were GAD65Ab and IA-2Ab double positive. In contrast, nine T2DM patients were positive for both GAD65Ab and IA-2Ab. IA-2Ab index was significantly higher in these double-antibody-positive patients [0.87 (95% CI, 0.05-1.56)] compared with patients who were positive only for IA2Ab [0.07 (95% CI, 0.04 -0.58)] (P Ͻ 0.001).
GAD65Ab epitope patterns
A total of 52 of 73 sera from GAD65Ab-positive T2DM patients were available for the epitope analysis. Serum samples that bound GAD65 also bound the fusion proteins N, M, In the GAD65-IA-2 double-antibody-positive subjects there were six females. A total of seven were MϩC, and two were non-MϩC reactive. a Increased prevalence (P Ͻ 0.01) compared with a frequency of 1.3% for GAD65Ab and 1.6% for IA-2Ab in ND subjects (n ϭ 384). 
or C (P Ͻ 0.0001). Binding to both GAD65 and GAD67 was strongly correlated (r ϭ 0.62; P Ͻ 0.0001). The median (range) index for GAD67 binding was 0.35 (0.03-5.94), for N was 0.37 (0.04 -6.7), for M was 0.70 (0.04 -10.4), and for C was 0.63 (0.03-20.5). Correction for the level of GAD67 binding showed that autoantibody binding to fusion proteins M and C still correlated to GAD65 binding but not to N (Table 4) . A comparison of binding between fusion proteins confirmed that a linear relationship between binding to the M and C fusion proteins was observed but that binding to the Nfusion protein was independent from the binding to fusion proteins M and C (Table 4) . The distribution binding of each fusion protein relative to GAD65 showed higher binding of sera to the M (P Ͻ 0.0001) and the C (P Ͻ 0.0001) fusion proteins compared with the N-fusion protein. Based on these findings, and based on previously published findings that GAD65Ab binding to the middle region correlates with the binding to the C-terminal region of the GAD65 protein (46), it was decided to group together patients whose sera bound predominantly to the M and C fusion proteins, reporting the two epitopes together as MϩC. Sera were considered MϩC reactive if they bound the M and C fusion proteins better than the N fusion protein.
Two patients bound GAD67 similar to GAD65 and were not considered GAD65 MϩC reactive. The degree of MϩC binding over N binding, within the MϩC-reactive group (n ϭ 32), varied from patient to patient. A comparison of binding levels showed the N fusion protein and GAD67 binding levels to be similarly low but MϩC binding levels to be significantly higher. The degree of MϩC reactivity was thus dependent on M and C binding and not on binding levels to the N fusion protein or to GAD67.
By a similar analysis of the remaining 20 (non-MϩC-reactive) patients, only the N-fusion protein was shown to be related to GAD65Ab binding after adjusting for GAD67 binding. Scatterplot analysis revealed the relationship to be strongly influenced by a few patients showing high binding to the N fusion protein, but little or no binding to the M or C fusion proteins. For simplicity, all these patients were grouped together and considered non-MϩC-reactive.
IA-2Abs in relation to GAD65Ab epitopes
Among 73 GAD65Ab-positive patients, seven were IA2Ab positive and MϩC GAD65Ab reactive, two were IA-2Ab positive and non-MϩC GAD65Ab reactive, 25 were IA-2 negative and MϩC GAD65Ab reactive, and 18 were IA-2Ab negative and non-MϩC reactive. Another 21 T2DM subjects were GAD65Ab positive, but epitope data were not available. None of these GAD65Ab-positive patients lacking epitope data were IA-2Ab positive, and 81% (17 of 21) had low levels of GAD65Ab (index Ͻ 0.2), precluding an epitope analysis with GAD67 and all three fusion proteins. Among the GAD65Ab-negative patients (n ϭ 1363), 23 T2DM subjects were positive for IA-2Ab alone.
Abs and BMI
BMI was available on all 1436 T2DM patients. A linear regression analysis of each Ab on BMI demonstrated that IA-2Ab-positive patients had a lower average BMI compared with IA-2-negative patients (Table 5 ). Univariate analysis also showed a lower BMI in GAD65Ab MϩC (P Ͻ 0.001) and non-MϩC-reactive patients (P Ͻ 0.009). A multivariate analysis showed that both IA-2Ab and GAD65Ab were independently associated with lower BMI, even after adjusting for age and gender (Table 5 ). BMI was lowest in GAD65Ab MϩC-reactive patients. A significantly lower BMI was observed in the IA-2Ab/GAD65Ab double-positive patients, compared with patients who were positive for only IA-2Ab (P Ͻ 0.01) or positive for only GAD65Ab (P Ͻ 0.05).
A bimodal distribution in BMI was observed within the group of GAD65Ab-positive patients with available epitope data. Among the MϩC-reactive patients, the median BMI was close to normal (25.0 kg/m 2 ); however, the BMI distribution was skewed to the right, with a small subgroup having a BMI greater than 30 kg/m 2 ( Fig. 2A) . Among the non-MϩC-reactive group, the median BMI was higher (28.9 kg/ m 2 ), but the BMI distribution was skewed to the left (Fig. 2B) . The median BMI of the MϩC-reactive patients (25.0 kg/m 2 ) was significantly different from that of the non-MϩC-reactive patients (28.9 kg/m 2 ) (P ϭ 0.02).
Abs and C-peptide
C-peptide was available on 40 of 52 GAD65Ab-positive patients with available epitope data and on all nine patients with both GAD65Ab and IA-2Ab. Patients with available C-peptide did not differ in age, gender, or BMI from the patients with missing C-peptide. Distribution of log Cpeptide within the epitope groups showed very low C-peptide among a subgroup of MϩC-reactive patients (Fig. 2C) but normal levels and a normal distribution among the non-MϩC-reactive patients (Fig. 2D) . Among the MϩC-reactive patients, the subgroup with very low C-peptide (n ϭ 6) did not differ from the group with higher C-peptide (n ϭ 17) by age, BMI, or gender. A significant difference between MϩC and non-MϩC patients was observed in the median log C-peptide (Table 6 ) both in the more overweight patients (BMI Ͼ 28 kg/m 2 ) and in the less overweight and normal weight patients (BMI Ͻ 28 kg/m 2 ). No difference in Cpeptide was observed between the GAD65-IA-2Ab doublepositive (n ϭ 9; all had BMI Ͻ 28) and the GAD65Ab-positive (IA-2Ab-negative) (n ϭ 31) patients. Therefore, regardless of the patient's BMI, C-peptide was lower in MϩC-reactive GAD65Ab patients compared with non-MϩC-reactive patients, but no difference was found in C-peptide levels based on IA-2Ab status (Table 6 ). Although some IA-2Ab-negative but GAD65Ab MϩC-positive patients were obese, they had lower C-peptide levels, suggestive of a T1DM phenotype. Data are partial correlation coefficients adjusting for GAD67 index and are computed using regression methods.
a Significant correlation at P Ͻ 0.001.
Discussion
The results of our study suggest that the prevalence of GAD65Ab but not IA-2Ab is higher in newly diagnosed diabetic Sardinian adults classified clinically with T2DM, compared with a control group of nondiabetic subjects. Although the frequency of IA-2Ab was not higher among the T2DM patients compared with the ND group, it is noted that some GAD65Ab-positive T2DM patients were also positive for IA-2Ab, suggesting a disease pathogenesis more consistent with type 1 rather than T2DM. Double-antibody-positive first-degree relatives have previously been shown to be at high risk for T1DM (7, 52) , but to our knowledge this has not previously been reported in a large group of adult patients clinically classified with T2DM. Consistent with a T1DM phenotype, these patients had a lower BMI compared with Ab-negative patients.
The prevalence of GAD65Ab positivity in our Sardinian T2DM patient population was intermediate between low- frequency T2DM populations such as Alaskan natives (31), Pima Indians (32), northern Italy (33), and southern Spain (34) and high-incidence Northern Europeans (19, 20, 25, 27, 36) . The reason for a lower frequency of GAD65Ab in Sardinian T2DM patients in relation to that seen in other T2DM populations remains unclear. In part, it may be explained by the age range of the patients and the careful exclusion of subjects with features of T1DM, such as marked weight loss, acidosis, first-degree relatives with T1DM, and insulin treatment started within 6 months after diagnosis. It is also possible that inter-laboratory variation in assay sensitivity and the choice of cutoffs for assay positivity across laboratories is another potential reason for the difference in prevalence of GAD65Ab positivity noted between this study and others. The 1436 newly diagnosed T2DM patients were consecutively diagnosed during 1998 -1999 and compared with 384 ND subjects identified during the same observational period. Subjects with diagnosis of impaired glucose tolerance were excluded from the study. It should be noted that the ND subjects were not a true population-based control group, as they had presented to the diabetes units for evaluation, presumably either referred by their physicians, or self-referred, because of concern or risk for diabetes. However, these subjects do serve as a good control group in this study, as they had similar risk factors prompting referral (family history of T2DM, cardiovascular disease, hypertension, dyslipidemia, and obesity), and differed only in the fact that they had normal glucose tolerance. Of note, the prevalence of GAD65Ab and IA-2Ab among the ND subjects was not higher compared with the larger reference group of 1184 control subjects. As expected, patients diagnosed with diabetes had overall higher GAD65Ab frequencies, but not IA2Ab frequencies, compared with the ND subjects. We had expected a higher frequency of GAD65Ab also in the ND group because GAD65Ab have been shown to be associated with a higher BMI in adult nondiabetic individuals (11, 53) .
Other factors than T2DM risk may therefore influence the appearance of GAD65Ab in the adult population. It is important to note that GAD65Ab may appear after the clinical diagnosis of diabetes (25, 54) , they may be transient (25) , and their presence in the general adult population does not predict the development of diabetes (37). We therefore asked whether the epitope pattern of GAD65Ab would distinguish GAD65Ab with little or no T1DM risk from GAD65Ab associated with risk for this disease. T2DM patients with GAD65Ab, IA-2Ab, or ICA, referred to as LADA or type 1.5 diabetes, are now well recognized and often show distinct phenotypes indicating a slow progression to T1DM (25, 27, 55) . Although T1DM is associated with specific genetic and Ab markers (52, 56, 57) , the strength of the association between the disease and these markers has previously been shown to vary with age (58) . The age of our T2DM patients varied between 35 and 75 yr of age. Of note, in this study the frequency of GAD65Ab in the 35-to 55-yrold patients did not differ from the patients older than 55 (Table 3 ). In addition, we studied new-onset T2DM patients (Ͻ6 months of disease), and our data on GAD65Ab epitope patterns can therefore be compared with previous studies by our group (39, 46) and by others (23) analyzing both younger and hospital-based T2DM patients.
Similar to T1DM patients, type 1.5 diabetes patients have GAD65Ab that bind to the middle and C-terminal Ab epitope of GAD65, but these patients also have a higher frequency of Abs that bind to the N-terminal end of GAD65 as well as to GAD67 (23, 39) . Therefore, in this study we used GAD65/67 fusion proteins along with GAD67 to allow us to distinguish a pattern of GAD65 epitope binding in relation to the clinical phenotype of our new-onset T2DM patients. The fusion proteins used in this study were designed to represent the major GAD65 epitopes (50) and differed considerably from those used by others (23) . We defined sera as predominantly MϩC when their relative recognition of M-and C-fusion proteins was greater than their relative binding to the N-fusion protein and GAD67. The univariate and multivariate regression models of changes in average BMI showed that the epitope pattern of GAD65Ab predict a lower BMI compared with patients who were non-MϩC reactive or had IA-2Ab alone. These data support the observation that the presence of GAD65Ab binding to C-terminal epitopes in individuals clinically classified with T2DM is strongly associated with a T1DM phenotype (23) . GAD65Ab binding to the N-fusion protein is comparable to the binding pattern found in ND GAD65Ab-positive adults as well as in some LADA patients (39, 46). Our data therefore confirm the notion that GAD65Ab reactive with MϩC epitope would be consistent with a T1DM phenotype (39, 59). At present we are following all of our patients over time to evaluate the progression to insulin treatment in the different GAD65Ab-positive and -negative groups and whether there will be a predictive value of or a change in GAD65Ab epitope pattern associated with the disease course.
We also demonstrated that the presence of IA-2Ab predicts a lower BMI, particularly in the IA-2Ab/GAD65Ab doublepositive patients. However, unlike GAD65Ab MϩC reactivity, IA-2 positivity was not associated with a lower median C-peptide. These data suggest that, like GAD65Ab MϩC reactivity, the additional presence of IA-2Ab better defines T1DM phenotypes among T2DM patients.
We conclude that a significant proportion (5.1%) of newly diagnosed Sardinian diabetes patients older than 35 yr and clinically classified with T2DM have GAD65Ab. GAD65Ab epitope analysis showed variable reactivity to GAD65, GAD67, and GAD65/67 fusion proteins that define binding to the N-terminal, middle (M) and the C-terminal epitopes of GAD65. Statistical modeling of the binding data from all test antigens revealed that patients with predominant MϩC reactivity predicted a T1DM phenotype with lower C-peptide levels, regardless of age, BMI, and IA-2Ab status. These results suggest that all GAD65Ab-positive adults with clinical T2DM may not undergo the same underlying autoimmune process. It is possible that there is a different, nonpathogenic, non-␤-cell destructive process generating GAD65Abs in type 2 patients who do not exhibit MϩC epitope specificity, compared with a pathogenic, more T1DM-like process occurring in the T2DM patients who do exhibit GAD65Ab MϩC epitope specificity. Outcome measures, such as time to insulin requirement and rate of loss of C-peptide, will be necessary to support this hypothesis. In conclusion, our results support the notion that new-onset diabetes patients in different populations will likely benefit from evaluation for epitope-specific GAD65Ab. Although the prevalence of MϩC-specific GAD65Ab is low among non-T1DM patients, the evaluation of epitope-specific GAD65Ab will permit correct disease classification and may help the treating physician to optimize initial treatment and predict disease course. Furthermore, should effective immunotherapies become available, this will likely be an important target population to identify for treatment trials. Cloning, characterization, and autoimmune recognition of rat islet glutamic
